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(71) We, The Dow Chemical Com- 
pany, a Corporation organized and existing 
under the laws of the State of Delaware, 
United States of America, of Midland, 

5 County of Midland, State of Michigan, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 

10 ticularly described in and by the following 
statement : — 

This invention relates to a process for pro- 
ducing graphite structures and to structures 
that are suitable for use as anodes in the 

15 electrolysis of aqueous solutions. 

It is known to prepare vermicular graphite 
by introducing an intercalating agent be- 
tween the laminae of natural or synthetic 
graphite and expanding such treated graphite 

20 by heating. For example, a heat-expandable 
graphite can be prepared by contacting gra- 
phite particles of about 10 to 325 mesh 
(0.044 — 2.0 mm.) with an intercalating agent 
such as fuming nitric acid, fuming sulfuric 

25 acid, mixtures of concentrated nitric and 
sulfuric acids, or perhaloacids for a period 
of at least one minute. The treated graphite 
particles may then be washed free of excess 
intercalating agent and dried if desired. The 

30 resulting treated graphite is expandable by 
heat and, if unconfined, can be increased in 
volume,, for example from 20 to 600 times, 
upon heating. Such expanded gTaphite is 
usually in light-weight particulate, vermicu- 

35 lar, i.e. worm-like, form Such expanded 
material is sufficiently light and fluffy to have 
a bulk density of 0.005 g/cc (grams/cubic 
centimeter) or even less. 
Another known method of preparing ver- 

40 micular graphite comprises anodically elec- 
trolysing a natural or synthetic graphite in 



an aqueous acidic or aqueous salt electrolyte 
at an electrolyte temperature of from 0 to 
80 °C. at a minimum cell potential of about 
2 volts. The total quantity of electricity 45 
passed is equivalent to form 10 to 500 am- 
pere-hours per pound (22 to 1110 ampere 
hours /kg.) of graphite. Electrically treated 
graphite, now expandable, is separated from 
the electrolyte solution, and heated suflici- 50 
ently to cause expansion of exfoliation of the 
graphite flakes. The so-formed expanded 
graphite generally has an apparent bulk den- 
sity of from 0.1 to 10 lb/ft 3 (0.0015—0.16 
g/cc), and preferably from 0.2 to 2 lb/ft 1 55 
(0.0032— 0.032 g/cc). 

It has been proposed to prepare flexible 
graphite foil by compressing vermicular 
graphite by means of pressure rollers. 

The foil thus produced by uniaxial com- 60 
pression has anisotropic electrical and ther- 
mal properties and is useful, for example, for 
fabricating linings that are chemically inert 
at high temperature or for producing lamin- 
ates. 65 

In accordance with the present invention 
there is provided a process for producing a 
graphite structure which comprises com- 
pressing vermicular graphite, the compres- 
sion being effected in at least two steps, the 70 
compression of the first step being, along at 
least one other axis perpendicular to said 
first axis or at least one of said first axes. 

It has now been found possible to produce 
unique graphite structures by compressing 75 
vermicular graphite. By the practice of the 
invention, it has been found possible to ad- 
vantageously control the properties, including 
electrical and thermal conductivity, aniso- 
tropy, liquid and gas permeability, high tern- 80 
perature oxidation resistance, and mecha- 
nical properties, of the graphite structures. 
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The amount of pressure applied and the 
manner of pressure application is dependent 
on the type of formed product desired or 
required. In general, pressures of up to 
5 3500 kg/cnr are employed and preferably 
at least 3.5 kg/cm 1 . (All pressures given in 
this application are gauge pressures.) As the 
applied pressure is increased on the ex- 
panded vermicular graphite the bulk density 

10 of the resulting compact increases corre- 
spondingly. To illustrate, a compressed 
fabrication having a bulk density of from 
100 to 120 lb/ft J (1.6 to 1.92 g/cc) results 
at applied pressures of 4000 to 25.000 psi 

15 (280—1750 kg/cm 1 ). It is generally pre- 
ferred that the amount of pressure applied 
is sufficient to produce a final bulk density 
of from 0.3 to 2.0 g/cc. 
By the method of this invention, com- 

20 pressed expanded vermicular graphitic struc- 
tures having near-isotropic properties can 
be made. Such structure with reduced elec- 
trical and thermal anisotropic properties can 
be prepared by sequentially compressing ex- 

25 paneled vermicular graphite, in two .mutually 
perpendicular axes. The axis of high ther- 
maland electrical conductivity is in a direc- 
tion perpendicular to the two compression 
directions. The anisotropy (electrical or 

30 thermal) of these compressed graphite struc- 
tures can be controlled by the pressure ap- 
plied in each of the two directions during the 
oiaxial compression. For example if slight 
pressure is applied along an axis a and 

35 great pressure applied along an axis D 
(which is perpendicular to axis a ). axis 
"c" (which is perpendicular to axes a 
and "b") would be the axis of high thermal 
and electrical conductivity. The minimum 

40 anisotropy would occur between the c ana 
"a" axes. 

The electrical and thermal conductivity 
values in the high conductivity direction of 
the compressed graphite compacts can be 

45 approximately equal to the values in the 
high-conductivity direction in uniaxially com- 
pressed vermicular graphite, at equal den- 
sities) but the values in the low conductivity 
direction of graphite sequentially compressed 

50 in two axes are usually many times more 
conductive than the values in the low con- 
ductivity direction of uniaxially compressed 
vermicular graphite. Therefore, the vermi- 
cular graphite sequentially compressed in 

55 two axes exhibits some of the characteristics 
of uniaxially compressed vermicular graphite 
without such high anisotropy in applications 
where high electrical or thermal anisotropy 
would be objectionable. In addition the 

60 uniaxially compressed material has lower 
tensile strength in the direction parallel to 
the compression axis than in the direction 
normal to the compression axis. However, 
the graphite sequentially compressed in two 



axes has a several-fold increase in tensile 65 
strength in its weak direction. 

The properties of a compressed graphite 
structure can be made more nearly isotropic 
by sequentially compressing the expanded 
vermicular graphite along three mutually 70 
perpendicular axes, thus forming compressed 
dense graphite compacts which have elec- 
trical conductivity values essentially equal 
in all three mutually perpendicular axes (i.e. 
perfectly isotropic). Vermicular graphite se- /:> 
quentially compressed in three mutually per- 
pendicular axes does not show the high elec- 
trical and thermal conductivities in a pre- 
ferred direction and it may not show aniso- 
tropic properties, but rather may show pro- SU 
perties clo* to that exhibited by commercial 
("Acheson"-Process type a Registered Trade 
Mark) polycrystalline graphite. However, ad- 
vantageously, the sequentially tnaxially -com- 
pressed vermicular graphite can show higher 85 
density, lower permeability, and less bntde- 
ness than spthetic "Acheson-'-Process type 
polycrystalline graphite. i_„,w 
V Additionally, high density bonded- 
expanded vermicular graphite cohered struc- 90 
tures exhibiting marked thermal and elec- 
trical anisotropic properties and mechanical 
properties can be prepared in accordance 
with the present invention. In preparing 
such structures, the expanded vermicular 95 
graphite ordinarily is blended with an inor- 
fanic or organic bonding agent, ordinarily 
in the form of a fine powder, in an amount 
of from 2 to 55 weight percent and preter- 
ably from 5 to 45 weight per cent bonding 100 
agent based on the total weight of the gra- 
phite-bonder mixture. 

Solid bonding agents ordinarily should be 
in the form of a fine powder and have : a par- 
tide size of less than 100 mesh (0.149 mm.) 105 
and preferably from 200 to 325 mesh (0.074 

^Bo^inTagents which ordinarily can be 
used in mis invention are thermoplastic or 
Smodegradable materials and include (1) 110 
any Tolid^ganic polymer (2 organs com- 
pounds which, upon pyrolysis. yield a 
cementing char; and (3) inorganic glass-like 

use herein which are not degraded in use 
include polymers of ethylene, styrene. or 
gkW^i»tiiiBted chlorides aciy .c 
and methacrylic polymers, epoxides, po y- 
vinyl chloride, polyesters, polyamides poly- 120 
carbonates, polyurethane resins phenolform- 
amehyde resins polyphenylene-sulphides. 
nylon! polytetrafluoroethylene, polyvmyhd- 
ene fnufride. and copolymers of the sane. 
These bonding agents can be used along with 125 
anv required catalyst or cross-linker. 

Lamples of such organic char-yielding 
substances suitable for use herein mdude 
coal tar pitches, natural asphalts, phenol- 
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formaldehyde, urea- formaldehyde, poly- 
^vinylidene chloride, and copolymers contain- 
ing polyvinylidene chloride, polymers of fur- 
furyl alcohol, polyacrylonitrile, sugars, and 
5 saccharides. 

Examples of inorganic glass bonding 
agents suitable for use herein are vitreous 
materials which include, glass-forming oxides 
such as boric oxide, silica, phosphorus pent- 
10 oxide, germanium oxides, vanadium pent- 
oxide, or other inorganic salts that can be ob- 
tained as glasses such as beryllium fluoride, 
and certain sulfates, chlorides and carbon- 
ates. Especially useful in this invention are 
15 those glass-formers which will "wet" the 
graphite such as B 2 0 3 , P 2 0 5 , or V 2 0 5 . Com- 
mercially available glasses also are suitable 
as bonding agents. Typical examples of such 
glasses are compositions containing as an in- 
20 gredient various proportions of two or more 
of the following oxides: silica, aluminum 
oxide, sodium oxide, potassium oxide, mag- 
nesium oxide, cuprous oxide, barium oxide, 
lead oxide, or boric oxide. 
25 It has been found that certain inorganic 
compounds can be blended with expanded 
graphite prior to the compacting of the gra- 
phite into the desired articles, the inorganic 
compounds serving to increase the resistance 
30 of the graphite to high temperature oxida- 
tion. 'Hie compounds found to serve this 
purpose include B 2 0 3 . P 2 O s , Ca 3 (POJ 2 , 
A1P0 4 , Zn 3 (POJ 2 , and Na 2 B<O r . The com- 
pounds useful as oxidation-resistant additives 
35 may or may not be potential constituents of 
glass-forming formulations. The materials 
should be in a particulate form which will 
pass through a 100-mesh (0.149 mm.) screen 
and preferably a 325-mesh screen (0.044 
40 mm.). The effective concentration of said 
oxidation-resistant additives generally is in 
the range of 0.5 to 10 weight percent of the 
graphite charge. At concentrations below 
0.5 weight per cent the oxidation rate of the 
45 graphite article approaches that of an article 
of graphite alone and at concentrations above 
10 weight percent there is no significant de- 
crease in oxidation rate of the graphite and 
the inorganic additive may affect the physical 
. 50 properties of the graphite. 

Liquid polymers are not usually employed 
as bonding agents since these can prevent 
formation of highly densified compositions, 
but may be advantageously employed when 
55 a low-density compact is desired and the 
liquid polymer is hardenable or curable. 
However, a solid polymer or other bonding 
agents can be dissolved in a solvent and then 
sprayed on the vermicular expanded graphite 
60 prior to compacting. When this technique is 
used to make dense compacts, the solvent 
is removed before compacting is attempted. 
Solvents suitable for use in dissolving solid 
polymers include, for example, xylene, kero- 
65 sene, CCL, and acetone. 



The compressed vermicular graphite com- 
pacts have properties vastly superior to 
"Acheson"-Process type polycrystallinc gra- 
phite. However, desirable properties of 
these compressed compacts such as mecha- 70 
nical strengths, hardness, gas and liquid im- 
permeability can be further improved (at a 
slight expense of reduced electrical and ther- 
mal conductivity) by bonding the compact as 
described hereinbefore. 75 

The glass-bonded compressed graphite has 
a particular advantage in that it overcomes 
temperature limitations of the polymer- 
bonded vermicular graphites. The polymer- 
bonded graphites generally undergo polymer 80 
decomposition at sustained temperatures 
above about 250° C. The glass-bonded com- 
posites are useful at temperatures above this 
limit. 

However, if the product desired is to be 85 
a carbon-cemented dense vermicular graphite 
compact, the char yielding bonding agent- 
vermicular graphite blend should be baked at 
a temperature within the range of from 800 
to 1200° C. until essentially all the volatile 90 
constituents are evolved. The ordinary range 
of residue carbon "cement" in such a car- 
bon-cemented graphite structure is from 
about 1 to about 50 weight percent and pre- 
ferably from about 5 to about 30 weight per- 95 
cent of the final product. Generally, as the 
carbon "cement" fraction decreases below 
about 1 weight percent, the structure re- 
sembles the unbonded compressed vermicu- 
lar graphite. If the carbon "cement" con- 100 
tent of the final product exceeds about 50 
weight percent, the advantageous electrical 
and thermal conductivity properties of the 
expanded graphite fraction may be dimin- 
ished. " ' 105 

Char-yielding bonding agents suitable for 
use herein include, for example, asphalt, tar, 
sugars, phenolformaldehyde resins. If neces- 
sary for ease of mixing and shaping, a sol- 
vent such as xylene or kerosene can be used. 110 
While compressed expanded graphite in its 
various forms possesses an ability to with- 
stand high-temperature oxidation which is 
superior to that of almost all other forms of 
graphite, this characteristic may be en- 115 
hanced to a remarkable degree by the addi- 
tion thereto of minor proportions of oxides 
of boron or phosphorous or of borates and 
phosphates. 

Articles made according to this invention 120 
find particularly good application as sealing 
agents, such as sealing rings, or valve pack- 
ing. Such articles may or may not be pre- 
pared in such a manner as to exhibit an an- 
isotropic conductance property. Also such 125 
articles are capable of undergoing some de- 
formation under high compression forces 
without shattering or breaking, whereas 
articles prepared for the same purpose by 
using the "Acheson"-Process type crystalline 130 
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graphite or pyrolytic graphite are quite 
brittle and will shatter or break easily under 
commonly encountered deformation forces 
when used as packing material. 
5 Graphite anodes presently employed in 
aqueous electrolytic processes are usually 
prepared by the "Achcson" process wherein 
coke is blended with a char-producing or- 
ganic binder to yield a shaped mass, and 

10 such mass is heated to above 2000°C. to de- 
compose the organic binder and to cause 
graphitization. Anodes prepared in this man- 
ner are generally porous and highly suscep- 
tible to oxidation. Therefore, most of such 

15 anodes are impregnated with a material such 
as an organic resin to improve their strength 
and decrease wear and oxidation rates. Such 
impregnated anodes still oxidize at an unde- 
sirably high rate, however, and they are very 

20 brittle and are extremely sensitive to pH. An 
increase in pH of the aqueous solution be- 
ing electrolysed rapidly increases the wear 
rate of the graphite anodes due to oxidation. 
Accordingly, a preferred embodiment of 

25 this invention provides a process for produc- 
ing improved graphite structures suitable as 
anodes for the electrolysis of aqueous solu- 
tions. Beneficially, the process is rapid and 
economical and can produce a structure 

30 which, when employed as an anode, is non- 
brittle and has greatly improved character- 
istics in the electrolysis of aqueous solutions. 

It has now been found that an improved 
graphite structure suitable as an anode for 

35 the electrolysis of aqueous solutions may be 
prepared by compressing vermicular graphite 
along one axis to produce a compact and 
then compressing the compact along an axis 
substantially perpendicular to the original 

40 compression axis to a density of at least 1.4 
g/cc. The structures thus produced have a 
relatively high density, are non-brittle, have 
high electrical conductivity, low oxidation 
rates, little or no porosity and show low free 

45 halogen anodic overvoltages and greatly re- 
duced sensitivity to pH of the solution be- 
ing electrolysed. Each of these properties is 
significant in aqueous salt electrolysis, and 
such properties have not heretofore been ob- 

50 tainable in graphite anodes. 

Preferably, the force aplied along one axis 
to form a compact is sufficient to produce 
a density of from 0.2 to 1.0 g/cc. Such com- 
pact is then compressed along an axis which 

55 is at about right angles to the first com- 
pression axis with a compression force suffi- 
cient to produce a graphite density of at 
least 1.4 g/cc and preferably a density be- 
tween 1.7 and 2.0 g/cc. These densities 

60 usually can be achieved by applying pres- 
sures of from 10.000 to 20,000 psi (700— 
1400 kg/cm 2 ). Once the compact has been 
sequentially compressed along two axes to 
a density of about 1.4 g/cc or more, the 

65 final compression to the higher density may 



be accomplished by applying isostatic force. 
Such isostatic compression produces little or 
no compaction along any previously uncom- 
pacted axis. Compaction therefore con- 
tinues along the axes of original compres- 717- 

sion. . , 

Improved mechanical properties may be 
imparted to such compressed vermicular gra- 
phite structures by blending solid organic or 
inorganic bonding agents such as herein- /:> 
before described with the vermicular gra- 
phite prior to compression. Ordinarily, the 
organic or inorganic bonding agent is em- 
ployed in the form of a fine powder, e.g. from 
100 to 325 mesh (0.044—0.149 mm.) in an 80 
amount of from 1 weight percent to 25 
weight percent, preferably from 2 weight per- 
cent to 15 weight percent. Amounts of 
bonding agent less than about 1 weight per- 
cent provide little or no improvement in the ay 
physical characteristics of the structure and 
amounts greater than about 25 weight per 
cent may begin to adversely effect the elec- 
trical conductivity. It can be readily under- 
stood the specific density of the additive will 90 
affect the apparent bulk density of the com- 
pact. For instance, if the density of the 
additives is 1 g/cc, the apparent bulk den- 
sity of the compact cannot as closely ap- 
proach a value of 2.1 g/cc as when no addi- ^ 
tive is employed. m 

Structures prepared according to this em- 
bodiment of the invention, whether or not 
containing a bonding agent, are useful as 
anodes in any of the aqueous electrolytic iuu 
processes presently employing graphite 
anodes. These include diaphragm and mer- 
cury cells for the electrolysis of brine to 
produce chlorine and caustic soda, chlorate 
cells; bromate cells; electrolysis of NaS0 4 to 103 
produce NaOH and H 3 S0 4 ; fluorination 
cells; and cells to produce hydrogen and 
oxygen. , , . 

It has been found that anodes prepared in 
accordance herewith show anode wear rates liu 
of from 4/5 to less than 1/2 of the wear rate 
of the best commercially available graphite 
anodes in an acid medium and about 1/5 
the wear rate of commercial anodes in a 
highly basic medium. thereby indicating both in 
a substantially reduced wear rate and a 
greatly decreased sensitivity to the pH ot 
the solution being electrolysed. Likewise, 
the commercial electrographite used for 
anodes has an electrical specific resistance ot uu 
about 350 microhm-inches (890 microhm- 
cm.) whereas anodes prepared from vermicu- 
lar graphite by the process herein usually 
have specific resistances between about ISO 
microhm-inches (380 microhm-cm) and 250 125 
microhm-inches (635 microhm-cm.). 

An additional advantage possessed by 
anodes prepared in accordance with this 
invention, particularly when such anodes are- 
employed in chlorine cells, is a lower chlor- 130 
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ine overvoltage. Inprovements of as much 
as 200 millivolts have been found. 

According to another embodiment of the 
invention, it has been found that a new and 
5 improved graphite structure can be prepared 
from a low density, expanded vermicular 
graphite, by first compressing such particu- 
late vermicular graphite in one axis or radi- 
ally to an increased, but still comparatively 

10 low bulk density, i.e. a bulk density of greater 
than 0.25 g/cc. and subsequently isostatically 
further compressing the relatively lightly 
compacted material to a relatively high ap- 
parent density, i.e. a minimum of 1.5 g/cc. 

15 A graphite structure can be thereby pro- 
duced which is highly anisotropic both ther- 
mally and electrically and has improved 
conductivity and electrical efficiency, has low 
permeability to gases, and high oxidation 

20 resistance. Graphite structures produced 
in this manner can be made entirely of com- 
pressed vermicular graphite or may be made 
of a conventional electrographite core clad 
with an outer shell of compressed vermicu- 

25 lar graphite. 

While radial compression of vermicular 
graphite to a high density can produce a 
dense cylindrical anode having exceptionally 
low resistivity along the longitudinal axis, 

30 the formation of relatively large cylindrical 
anodes by radial compression of vermicular 
graphite presents serious mechanical prob- 
lems due to the extremely large volume 
changes and high pressures required to in- 

35 crease the bulk density to about 1.9 g/cc. or 
higher. It has unexpectedly been found, 
however, that cylindrical anodes can be pre- 
pared which have low resistivity in the longi- 
tudinal axis by first radially compressing the 

40 vermicular graphite to a relatively light 
weight integral compact having a density of 
at least 0.25, preferably 0.5 to 0.7 g/cc, and 
and subsequently compressing such com- 
pact under isostatic compression to the de- 

45 sired higher density, e.g. to 1.5 g/cc. or 
above. The original radial compression 
effectively orients the compact in a manner 
such that when equal pressure is applied at 
all surfaces (i.e. isostatically), the compact 

50 will continue to compress and decrease in 
volume primarily along the axis of the vector 
of the original radial compression and pro- 
duce a dense structure having substantially 
the same electrical conductivity character- 

55 istcs as one which was radially compressed 
to the higher density. 

In the first step of this process wherein 
the vermicular graphite is compressed into 
an integral structure of relatively low den- 

60 sity, any suitable means of compression may 
be employed. For example, vermicular gra- 
phite may be placed in a flexible bag or 
sleeve which is then subjected to radial fluid 
pressure sufficient to produce radial compres- 

65 sion of the compact. A pressure of from 



200 to 300 psi (14—21 kg/cm 2 ) is usually 
required to produce a compact having a den- 
sity in the range of 0.5 to 0.7 g/cc. Usually 
no advantage is gained by compression at 
pressures above 300 psi (21 kg/ cm 2 ), 70 

The radially compressed compact is then 
isostatically compressed by suitable means. 
A convenient procedure for isostatic com- 
pression is that commonly employed to com- 
press ceramics and metal powders. In this 75 
method, the radially compressed compact 
is placed in a flexible bag or sleeve, usually 
made of rubber or plastics. The filled bag 
or sleeve is then placed in a fluid-filled auto- 
clave and sufficient pressure is applied to 80 
produce a compact of the desired density. 
For use as an anode, a density of from 1.5 
to 2.0 g/cc. is generally desirable. Such den- 
sities can be produced by exerting isostatic 
pressures on the compact of from 3500 to 85 
50000 psi (245 to 3500 kg/cm 2 ) with a pres- 
sure of about 20000 psi (1400 kg /cm 2 ) being 
usually most practical. 

After the desired density is achieved, the 
graphite structure may be machined to a de- 90 
sired tolerance or to achieve improved sur- 
face smoothness and uniformity. Even the 
high density compacts have a relatively low 
surface hardness and are easy to form or 
thread by machining. " 95 

Graphite structures prepared in this man- 
ner for use as anodes have a resistivity in 
the longitudinal direction of 140—170 
microhm-inches (356—432 microhm-cm) 
compared to a resistivity of 250—340 100 
microhm-inches (635—864 microhm-cm) for 
typical anodes made from the "Acheson" 
process graphite. Likewise, the anodes pre- 
pared in accordance with this process have 
an oxidation rate at 700°C. of only about 105 
1/3 to about 1/2 of that found for conven- 
tional electrographite. Another striking im- 
provement of anodes prepared in accord- 
ance with the present invention is that the 
permeability to helium may be only about 110 
one-millionth that of conventional graphite. 
In an alternative embodiment the vermicular 
graphite may be first fitted or lightly com- 
pressed uniaxially to a density of rrom 0.015 
to 0.10 g/cc prior to radial compression. 115 
Such uniaxial compression increases the re- 
sistivity of the final compact somewhat but 
this effect may be substantially overcome by 
applying higher pressure, e.g. 2000 to 20000 
psi (140—1400 kg/cm 2 ), in the radial com- 120 
pression step. 

Substantially the same advantages can be 
achieved by cladding standard electrogra- 
phite with compressed vermicular graphite 
in the same general manner as set forth here- 125 
inbefore. In one embodiment, e.g. a rod or 
cylinder of standard electrographite, such as 
"Acheson" graphite or pyrolytic graphite, is 
employed which is smaller in diameter than 
that desired for the finished anode. Such 130 
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rod or cylinder is centrally placed in a bag or 
sleeve, surrounded by vermicular graphite 
and radially compressed as previously des- 
cribed. The electrographite rod clad with the 
5 relatively-low-density compressed vermicular 
graphite is then isostatically compressed to 
produce a relatively high-density coating of 
compressed vermicular graphite directly 
affixed, i.e. bonded to the ^ electrographite 

10 core. Surprisingly, in addition to the en- 
hanced conductivity, oxidation resistances 
and lack of permeability, such cladding has 
been found to expand and contract with the 
core upon heating and cooling so that no 

15 rupturing occurs between the coating and the 
core such as is common where carbon or 
graphite is clad with other materials. Alter- 
nately, such cladding may be achieved by 
surrounding the central rod or cylinder with 

20 rings or washers of intermediate density 
prepared by radial compression. Isostatic 
compression of the structure to a relatively 
high density produces a clad anode having 
improved characteristics. Likewise the cen- 

25 tral rod or cylinder may be wrapped with 
one or more layers of an intermediate den- 
sity compressed vermicular graphite foil. 
Isostatic compression of such structure pro- 
duces a clad electrode having improved con- 

30 ductivity and oxidation characteristics. 

The most desirable proportion of cladding 
to electrographite core will depend on tne 
characteristics needed and the conditions 
under which such anode is to be employed. 

35 At relatively low temperatures, e.g. around 
700° C, a compressed vermicular graphite 
shell or cladding of about 1 /4 inch (6.3 nun.) 
in thickness on a core of electrographite 
of 9 inches (22.8 cm.) in diameter 

40 is usually sufficient to produce an 
anode having significantly improved gas 
impermeability and oxidation resistance for 
extended periods of time. For longer periods 
of use and more severe conditions of tern- 

45 nerature, thicker cladding or solid anodes of 
compressed vermicular graphite are advan- 
tageous. An increased proportion of clad- 
ding gives improved electrical and thermal 
conductivity and permits the anode to rnain- 

50 tain oxidation resistance and impermeability 
to gases for longer periods under more severe 
conditions. „ , , 

An additional advantage of the anodes 
composed of compressed vermicular graphite 

55 or clad therewith is the lack of bntdcness 
and the increased ability to withstand shock 
impact. Electrographite is brittle and prone 
to chip and break during handling. Com- 
pressed expanded graphite, however is some- 

60 what maleable even when highly compressed 
and can act as a shock absorber for encapsu- 
lated electrographite. 

Once prepared as above described to the 
desired size and shape, an electrode having 

65 at least a surfacs of compressed expanded 



graphite may be used in standard electrolytic 
methods for the production of metals such as 
magnesium, sodium, or steel without further 
modification of the equipment or the pro- 
cedure. Such electrodes provide significant 70 
improvements in electrical and thermal con- 
ductivity, thermal and mechanical shock re- 
sistance, gas impermeability, and resistance 
to oxidation. 

The following examples further illustrate 75 
the present invention. 

Example 1 

A commercialy available natural flake 
graphite having a flake size range of from 
20 to 50 mesh (0.297—0.84 mm.) was wetted 80 
with a mixture of concentrated sulfuric acid 
and concentrated HNOj (weight ratio of 
H a S0 4 to HN0 3 being 2: 1) and then washed 
free of excess acid. The acidified flake was 
heated with a propane torch to about 1000° 85 
C. thereby producing a loose particulate 
worm-like product having an apparent bulk 
density of about 0.0032 g/cc. 

The vermicular graphite was compressed 
at 50 psi (3.5 kg/cm 2 ) into self-cohered 90 
blocks having an apparent density of about 
0.25 g/cc. and then recompressed at right 
angles to the initial compression axis to a 
pressure of about 16000 psi (1120 kg/cm 2 ) 
thereby producing a compact having an ap- 95 
parent density of about 1 .8 g/ co. 

This block was found to have specific re- 
sistances of about 1400, 606, and 150 
microhm-inches (3560, 1540, and 380 
microhm-cm.) in the second compression 100 
axis, first compression axis and uncompressed 
axis, respectively, and a maximum electrical 
anisotropy ratio of about 9.35 to 1. 

Example 2 , , inc 

Low-bulk-density expanded vermicular 105 
graphite prepared as described in Example 1 
was ompressed in a series of molds in three 
mutually perpendicular axes in the follow- 
ing sequence: . M . _ , 

A. Compressed to about 30 psi (2.1 kg/ 110 
cm 1 ) to yield a compact having a density of 
about 0.196 g/cc. 

B. Compressed at right angles to the first 
compression axis to a pressure of about 150 

psi (10.5 kg/cm 2 ) thereby producing a com- 115 
pact having a density of about 0.694 g/cc. 

C. Compressing in an axis mutually per- 
pendicular to the first and second compres : 
sion axes to a pressure of about 10000 psi 
(700 kg/cm 2 ) to produce a graphite block 120 
compressed along three axes having a density 

of about 1.72 g/cc 

The specific resistances were 630, 126U 
and 1070 microhm-inches (1600 3200, and 
2720 microhm-cm.) along the first, second 125 
and third compression axes, respectively. 

Thus it is seen that the maximum elec- 
trical anisotropy ratio of the thus compressed 
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vermicular graphite above was only about 
2 to 1. 

Example 3 
A set of vermicular graphic compacts was 
5 prepared from pure vermicular graphite and 
15 weight percent polyethylene powder com- 
pressed to a density of 0.17 g/cc, then rc- 



compressing these at right angles to the first 
compression axis to a final pressure of 12500 
psi (875 kg/cm 2 ). The thus compressed 10 
composite containing polyethylene was fused 
under slight pressure at 140° C. The pro- 
perties measured on these composities are 
listed below. 



15 



Property 



Polymer-Free 15% Polymer-Bonded 



20 



25 



30 



35 



Density, g/cc. ... 

Specific Resistance in the uncompressed axis. 

Microhm-Inches 

Microhm-Cm. 
Electrical Anisotropy Ratio Between 

Uncompressed and Compressed Axis ... 
Tensile Strength Parallel to High Conduction 
axis, 

Psi. 

Kg/cm a 

Tensile Strength Parallel to Final Compres- 
sion axis, (Weakest Direction), 

Psi. 

Kg/cm a 

Example 4 
Expanded graphite having an apparent 
bulk density of 0.4 pound per cubic foot 
(0.0064 g/cc.) was blended by tumbling, 
with 15 weight percent polyethylene powder 
(—325 mesh) (0.044 mm.). This mixture was 
compressed into a block having an apparent 
density of 0.21 g/cc, then compressed, at 
right angles to the first compression axis, to 



1.92 



1.52 



163 
414 



277 
704 



2.18:1 



2.60:1 



1700 
118 



42 
2.94 



3510 
246 



1360 
95.2 



a block having a density of 0.775 g/cc. 
Finally, the block was compressed in a direc- 
tion normal to the first and second compres- 
sion axes to a final density of 1.55 g/cc. (re- 
quiring a pressure of about 14000 psi (980 
kg/cm 2 )). The block was heated to fusion 
temperature of the polyethylene. 

The resulting composite was found to have 
the following specific resistances : 



50 



Parallel to the 1st compression axis -> 1010 microhm-inches (2562 microhm-cm.) 
Parallel "to the 2nd compression axis 2070 microhm-inches (5250 microhm-cm.) 
Parallel to the 3rd compression axis -> 816 microhm-inches (1070 microhm-cm.) 



40 



45 



Example 5 
Vermicular graphite having a density of 
about 0.3 lb/ft. 3 (0.0048 g/cc.) was blended 
with 40 weight percent pitch powder, then 

55 compressed in a mold to an approximate ap- 
parent bulk density of 0.2 g/cc. The formed 
compact was then rotated 90 degrees and re- 
compressed to about 10000 psi (700 kg/cm 2 ) 
to yield a slab compressed along two axes. 

60 This slab was then pyrolysed in an oxygen- 
free atmosphere over an 8 -day period at a 
maximum temperature of 950°C to yield a 
carbon-bonded compressed vermicular gra- 
phite slab which possessed the following pro- 

65 per ties: 

1. Density = about 1.31 g/cc. 

2. Specific Resistance in the Uncom- 
pressed Direction = about 231 microhm- 
inches (587 microhm-cm.) 

.70 3. Specific Resistance Parallel to Final 
Compression axis = about 948 microhm- 
inches (2400 microhm-cm.) 

4. Electrical Anisotropy Ratio 4.1:1 

5. Tensile Strength (Parallel to Uncom- 
75 pressed axis) = about 1620 psi (113 kg/cm v ) 



6. Helium Permeability = about 1.2 X 
10~ 3 cm 2 /second 

Example 6 
Anode Preparation 
Anode A : compressed along two axes 80 

Vermicular graphiite of an apparent bulk 
density of about 0.005 g/cc. was compressed 
along one axis to a density of about 0.2 g/cc, 
then was compressed along an axis perpen- 
dicular to the first compression axis to a den- 85 
sity of about 1.85 g/cc. The compact thus 
produced had a specific resistance in a direc- 
tion parallel to the first compression axis of 
606 microhm-inches (1540 microhm-cm.) and 
in a direction parallel to the uncompressed 90 
axis (i.e. the direction orthogonal to the 
two compression axes) of 150 microhm- 
inches (380 microhm-cm.). 

Anode B : An Anode compressed along two 95 
axes containing an epoxy resin binder 
Vermicular graphite of an apparent bulk 
density of about 0.005 g/cc. was blended 
with fine , powdery epoxy resin powder fa 



95 
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heat-curable commercial epoxy formulation). 
The ratio of graphite to epoxy powder was 
85/15 parts by weight. The blending was 
done by carefully tumbling the mixture so as 
5 to avoid excessive breaking-up of the vermi- 
cular graphite. 

The mixture was compressed along one 
axis to a density of about 0.2 g/cc. and 
then along an axis perpendicular to the first 

10 compression axis to a density of about 1.85 
g/cc. , 
The epoxy resin in the compact was cured 
by heating the compact to 400°R (204°C.) 
and then it was allowed to cool. 

15 The compact had a specific resistance m 
the uncompressed axis (i.e. the direction- or- 
thogonal to the two compression axjs) of 
226 microhm-inches (574 microhm-cm.). 

Anode C: an anode compressed along two 
20 axes containing a polyethylene binder 

90 Parts of vermicular graphite of 0.005 
g/cc. apparent bulk density was thoroughly 
blended in a tumbler with 10 parts by weight 
of fine powdery polyethylene (—200 mesh 
25 Standard Sieve Size) (less than 0.074 mm.). 
The procedure followed in making Anode 
B above was followed, including the 400°F. 
(204°C.) heat treatment. 
The compact had a specific resistance in 
30 the uncompressed vector of about 200 
microhm-inches (508 microhm-cm.). 

Anode D : An anode compressed along two 
axes containing pyrolysed pitch as a 
binder . 

35 The procedure followed in making Anode 
B above was followed, except that 15 parts 
by weight of a fine powdery phenol-form- 
aldehyde resin was blended with 85 parts by 
weight of the vermicular graphite. The final 

40 compact had a specific resistance in the un- 
compressed axis of about 268 microhm- 
inches (680 microhm-cm.). 

Anode E: An anode compressed along two 
axes anode containing pyrolysed pitch as 
45 a binder . 
The procedure followed in making Anode 



B above was followed except that 5 parts by 
weight of a fine powdery commercially avail- 
able pitch was blended with 95 parts by 
weight of the vermicular graphite and the 50 
heating step was done by increasing the tem- 
perature at the rate of 8° /hour to 500°C, 
then heating rapidly to about 950°C, then 
cooling. All the heating was done with the 
compact in a non-oxidizing atmosphere. The 55 
heating caused pyrolysis of the pitch to yield 
a carbon-bonded structure. 

The structure had a specific resistance in 
the uncompressed axis of about 161 
microhm-inches (408 microhm-cm.) and a 60 
final density of 1.72 g/cc. 

Example 7 

An experiment was conducted wherein 
three anodes of different composition were 
employed in diaphragm chlorine cells which 65 
were otherwise identical. The electrographite 
anode was a standard commercial anode 
made of "Acheson" process polycrystalline 
graphite impregnated with linseed oil. Anode 
A was formed by sequentially compressing 70 
vermicular graphite along two axes having a 
density of .185 g/cc. Anode B was composed 
of vermicular graphite sequentially com- 
pressed along two axes and having a density 
of 1.85 g/cc. and containing 15 percent by 75 
weight of epoxy resin as a binder. Such 
anodes were placed in laboratory-scale chlor- 
ine cells utilizing carbon cathodes and used 
for electrolysing a saturated NaCI solution. 
The cells were operated at 75— 85°C, an 80 
anolyte pH of 2.0—2.5, and an anode cur- 
rent density of 1 amp per square inch (0.155 
ampere/ cm 2 ). Chlorine was produced at the 
anode and H 2 and NaOH were produced at 
the cathode. As necessary, H 3 0, NaCI and S!> 
HQ were fed to the cells to maintain elec- 
trolyte level, salinity and anolyte pH. 

After 225 days of continuous operation, 
the anodes were removed from the cells, 
washed in distilled water for 72 hours, dried 90 
at 70— 100°C, rewashed, redried and 
weighed. The anodes were found to have 
the following weight-loss rate : 



Run 



Control 
1 
2 



Anode Composition 

Electrographite Anode 
Anode A 
Anode B 



Wt. Loss Rate 
g/day/ampere 

0.030 
0.024 
0.020 



Example 8 
A quantity of vermicular graphite was 
prepared by treating natural flake graphite 
with red turning nitric acid and heating such 
treated flake to a temperature of about 
100 1000°C. The vermicular graphite thus pro- 
duced was a mass of worm-like particles 
having a bulk density of 0.005 g/cc. 



A portion of the vermicular graphite thus 
prepared was placed in a rubber sleeve 
within a pressurizable vessel and the ends of 105 
the rubber sleeve were affixed in such a man- 
ner that pressure within the vessel would 
be exerted radially on the rubber sleeve. 
Water pressure of 300 psi (21 kg/cm s ) was 
then applied within the vessel to compress the 110- 
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graphite radially. The radially compressed 
cylinder of graphite was removed from the 
rubber sleeve and found to have a density 
of about 0.65 g/cc. Such graphite cylinder 

5 was then transferred to a sealed rubber bag, 
evacuated to remove the air, and placed in a 
pressure vessel wherein it was completely 
surrounded with water. Pressure within the 
vessel was then raised to 50000 psi (3500 

10 kg/cm 2 ), released, and the sealed rubber 
bag containing the compressed graphite was 
removed therefrom. Upon removal from the 
bag, the graphite cylinder was found to have 



Sample Weight 
Time Min. g. 



0 


12.420 


599 


12.180 


1117 


11.942 


1369 


11.810 


2262 


11.253 


2337 


11.203 


2667 


10.983 


3722 


10.277 


3847 


10.190 


4919 


9.364 


5424 


9.016 


6365 


8.294 



a density of 1.95 g/cc, an electrical resistivity 
in the longitudinal axis of 151 microhm- 15 
inches (384 microhm-cm.) and an electrical 
resistivity of about 1900 microhm-inches 
(4830 -microhm-cm.) in the radial axis. 

Such anode was heated to a temperature 
of 600°C. in a resistance heated tube fur- 20 
nace. A stream of air was continuously 
passed over the heated graphite and its weight 
was continuously monitored. Results ob- 
tained from such controlled oxidation were 
as follows: 25 



Weight Loss Weight Loss 

% g/ minute 



1.9 


0.00040 


3.9 


0.00047 


4.9 


0.00053 


9.4 


0.00062 


9.8 


0.00067 


11.6 


0.00067 


17.3 


0.00067 


18.0 


0.00069 


24.6 


0.00068 


27.4 


0.00069 


33.4 


0.00077 



40 As a comparison, a cylinder of commerci- 
ally available electrographite 1/2 inch (12.7 
mm.) in diameter and 2 inches (50.8 mm.) in 
length was likewise oxidized in the same fur- 
nace and under the same conditions. This 



electrographite cylinder had a specific resist- 
ivity of about 280 microhm-inches (710 
microhm-cm.) and a density of 1.67 g/cc. 
The results obtained were as follows : 



45 



50 



Time Min. 



Sample Weight 



Weight Loss 

% 



Weight Loss 
g/ minute 



0 10.126 — — 

900 8.648 14.6 0.00164 

1140 8.054 20.4 0.00247 

1200 7.904 22.0 0.00249 

55 1345 7.541 25.6 0.00252 

1675 6.744 33.4 0.00242 



These results show that the weight loss 
due to oxidation of the anode of this in- 
vention is only about 1/6 that of conven- 

60 tional electrographite. 

In the same manner, a portion of the 
vermicular graphite was radially compressed 
into cylindrical shape under a force of 250 
psi (17.5 kg/cm 2 ) and then isostatically com- 

65 pressed under a pressure of 30000 psi (2100 
kg/ cm 2 ). The compressed graphite cylinder 
produced thereby had a density of 1.86 
g/cm a and an electrical resistivity of 169 
microhm-inches (430 microhm-cm.). When 

70 tested for oxidation rate by the above 
method, substantially the same results were 
obtained as with the compressed vermicular 
graphite anode above. 



Example 9 

An additional portion of the expanded low 75 
density vermicular graphite prepared in Ex- 
ample 10 was placed in a wooden mold 
having a cross-section of 1.25 inches X 4.625 
inches (3.2x11.8 cm.) and compressed uni- 
axially to a density of 0.60 g/cc. 80 
The compact thus produced was placed 
in a sealed rubber bag and evacu- 
ated to remove the air therefrom. The 
rubber bag was then subjected to an iso- 
static hydrostatic pressure of 50000 psi 85 
(3500 kg/ cm 2 ) and the compacted graphite 
was found to have a density of 1.93 g/cc, 
an electrical resistivity along the axis of 
original compression of about 24800 
microhm-inches (63000 microhm-cm.) and 90 
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an electrical resistivity along the axis at right 
angles to the axis of original compression of 
161 microhm-inches (408 microhm-cm.). 

Example 10 
5 In a manner similar to Example 10, 
natural flake graphite was treated with an 
acid mixture containing 85 percent by weight 
concentrated sulfuric acid and 15 percent by 
weight concentrated nitric acid. The acid- 

10 treated flakes were then heat expanded in 
a methane flame at a temperature of about 
1000°C to produce vermicular graphite 
having a bulk density of about 0.005 g/cc. 
A portion of the vermicular graphite thus 

15 produced was radially compressed, in the 
same manner as Example 10, to a density 
of 0.26 g/cc. The compact thus produced 
was then heated to 1450°C under vacuum 
for 45 minutes to remove any residual acid 

20 contained therein, and then isostatically com- 
pressed in the manner of Example 10 to a 
pressure of 50000 psi (3500 kg/cm 2 ) to 
form a cylindrical graphite rod. 
The compressed vermicular graphite rod 

25 thus produced was then employed as the 
anode in an electric furnace. A standard 
graphite crucible acted as the furnace shell 
and as the cathode. To such crucible was 
added 100 g. of steel scrap and current was 

30 passed between the anode and cathode until 
a pool of molten steel was obtained. Weigh- 
ing of the compressed vermicular graphite 
anode before and after use showed a weight 
loss due to arc erosion and oxidation equiva- 

35 lent of 1.5 g. of graphite/kg. of steel. This 
compares to accepted commercial losses or 
4.5 to 6.5 g. of electrographite per kg. of 
steel. 

Example 11 

40 Another portion of the vermicular graphite 
prepared in Example 12 was applied as 
cladding to a 9 inch (22.8 cm.) diameter 
cylinder of electrographite. Rings of com- 
pressed vermicular graphite were prepared 

45 in a circular mold having a centrally located 
circular pin to provide an annular space with 
an inside diameter of 9 inches (22.8 cm.) 
and an outside diameter of 18 inches (45.6 
cm.). Such mold was filled with vermicular 

50 graphite and compression applied with a 
metal ring piston having the same inside and 
outside dimensions as the annular space. 
Sufficient pressure was applied to the vermi- 
cular graphite to produce rings having a 

55 thickness of 6 inches (15 cm.) and a density 
of 0.05 g/cc. The rings were removed from 
the pin and an electrographite cylinder hav- 
ing a 9 inch (22.8 cm.) diameter was inserted 
into a stack of 10 of such low density rings. 

60 The composite graphite cylinder thus pre- 
pared was then radially compressed under a 
pressure of 300 psi (21 kg/cm 2 ) to compress 
the cladding to a density of 0.6 g/cc. Such 
clad cylinder was then isostatically com- 



pressed at a pressure of 20000 psi (1400 65 
kg/cm 2 ) to produce a cladding having a 
density of 1.85 g/cc. High pressure iso- 
static compression joined the ring segments 
into a continuous coating about 1/4 inch 
(6.3 mm.) in thickness. 70 

Example 12 

Another portion of the vermicular graphite 
prepared in accordance with Example 12 
was radially compressed under a force of 
300 psi (21 kg/cm 2 ) into a cylindrical form 75 
having a density of 0.65 g/cc. The cylinder 
thus produced was then isostatically com- 
pressed under a force of 35000 psi (2450 
kg/cm 2 ) to form a cylindrical compact hav- 
ing a density of 1.87 g/cc. and a resistivity 80 
of 145 microhm-inches (368 microhm-cm.) 
in the longitudinal axis. 

Two electrolytic cells were prepared to 
produce magnesium from a standard molten 
MgCl 3 bath at 750°C. The cells were oper- 85 
ated under identical conditions except that 
the anode prepared in this example was 
employed as the anode in one such cell and, 
a standard electrographite anode was em- 
ployed in the other cell. After 159 ampere- 90 
hours the anodes were removed and weighed. 
The compressed vermicular graphite anode 
was found to have lost only 0.059 g. per g. 
of magnesium produced whereas the electro- 
graphite had lost 0.096 g. per g. of mag- 95 
nesium produced. 

WHAT WE CLAIM IS: — 

1. A process for producing a graphite 
structure which comprises compressing 
vermicular graphite, the compression being 100 
effected in at least two steps, the compression 

of the first step being along at least one axis 
and the compression of the second step being 
along at least one other axis perpendicular 
to said first axis or at least one of said 105 
first axes. 

2. A process according to claim 1 where- 
in the vermicular graphite employed has an 
apparent bulk density of from 0.0016 to 
0.16 g/cc. no 

3. A process as claimed in claim 1 
wherein the vermicular graphite employed 
has an apparent bulk density of from 0.0032 
to 0.032 g/cc. 

4. A process as claimed in any one of in 
claims 1 to 3 wherein the pressure applied 

in carrying out either step of the compres- 
sion of the vermicular graphite is up to 3500 
kg/cm 2 (gauge). # 

5. A process as claimed in any one or 1/u 
claims 1 to 4 wherein the pressure applied 

in carrying out either step of the compres- 
sion of the vermicular graphite is at least 
3.5 kg/cm 3 (gauge). . 

6. A process as claimed in any one or l/:> 
claims 1 to 5 wherein the pressure applied 

in carrying out the compression of the vermi- 
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cular graphite is sufficient to produce a final 
bulk density of from 0.3 to 2.0 g/cc. 

7. A process as claimed in any one of 
Claims 1 to 6 wherein the vermicular 
graphite is blended with from 2 to 55 weight 
percent, based on combined weight, of a 
bonding agent prior to compressing the 
graphite. 

8. A process as claimed in Claim 7 
wherein the bonding agent is a polymer of 
ethylene, styrene, an ethylenicalfy unsatur- 
ated chloride, an epoxide, or tetrafluorethyl- 
ene, a polyester, or a phenol-formaldehyde 
resin. 

9. A process as claimed in Claim 7 
wherein the bonding agent is an inorganic 
vitreous glass-forming material which con- 
tains one or more of boric oxide, silica, phos- 
phorus pentoxide, a germanium oxide, 
vanadium pentoxide, and beryllium fluoride. 

10. A process as claimed in Claim 7 
wherein the bonding agent is a glass-forming 
composition containing at least two oxides 
selected from silica, aluminum oxide, sodium 
oxide, potassium oxide, magnesium oxide, 
cuprous oxide, barium oxide, lead oxide, 
and boric oxide. 

1L A process as claimed in Claim 7 
wherein the bonding agent is a char-yielding 
substance and the compressed blend of 
vermicular graphite and bonding agent is 
heated at temperature within the range of 
from 800 to 1200°C. until volatiles are sub- 
stantially removed. 

12. A process as claimed in Claim 11 
wherein the char-yielding substance com- 
prises asphalt, tar, sugar, phenolformalde- 
hyde resin, coal tar pitch, a saccharide, poly- 
vinylidene chloride or a copolymer contain- 
ing polyvinyiidene chloride. 

13. A process according to any one of 
Claims 7 to 12 wherein the bonding agent 
is a powder having a particle size less than 
0.149 mm. 

14. A process as claimed in any one of 
Claims 1 to 6 wherein the vermicular graph- 
ite is blended with from 0.5 to 10 weight 
percent, based on combined weight, of an 
oxidation retardant selected from the oxides 
of boron and phosphorus and metal borates 
and phosphates and mixtures thereof. 

15. A process as claimed in any one of 
Claims 1 to 3 wherein structures suitable 
for electrodes in electrolysis of aqueous solu- 
tions are produced by compressing the 
vermicular graphite along one axis to pro- 
duce a compact and then compressing the 
compact along an axis substantially perpen- 
dicular to the original compression axis to 
a density of at least 1.4 g/cc. 

16. A process as claimed in Claim 15 
wherein the compressing along one axis is 
to a density of from 0.2 to 1.0 g/cc. 

17. A process as claimed in Claim 15 
wherein the compressing along one axis to 
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form a compact and the compressing along 
an axis perpendicular to the original axis 
are repeated sequentially. 

18. A process as claimed in any one of 
Claims 15 to 17 wherein the final compres- 
sion is to a density of from 1.7 to 2.0 g/cc. 

19. A process as claimed in Claim 15 or 
16 wherein the compressing of the compact 
along an axis substantially perpendicular 
to the original compression axis is to a den- 
sity of about 1.4 g/cc. and the structure thus 
formed is compressed isostatically to a den- 
sity of from 1.7 to 2.0 g/cc. 

20. A process as claimed in any one of 
Claims 15 to 23 wherein the vermicular 
graphite is blended with from 1 to 25 weight 
percent, based on combined weight, of a 
bonding agent. 

21. A process as claimed in Claim 20 
wherein the bonding agent is polyethylene. 

22. A process as claimed in Claim 20 
wherein the bonding agent is phenol-form- 
aldehyde resin. 

23. A process as claimed in any one of 
Claims 15 to 19 wherein the vermicular 
graphite is blended with from 1 to 25 weight 
percent, based on combined weight, of a 
bonding agent which functions on the ap- 
plication of heat and the finally compressed 
structure is heated to activate the bonding 
agent. 

24. A process as claimed in any one of 
Claims 1 to 3 wherein the vermicular 
graphite is initially compressed in one axis 

or radially under sufficient pressure to form 100 
an integral structure having a density of 
at least 0.25 g/cc and the integral structure 
thus formed is compressed isostatically to a 
density of at least 1.5 g/cc. 

25. A process as claimed in Claim 24 105 
wherein the initial compression is sufficient 

to form an integral structure having a density 
of from 0.5 to 0.7 g/cc. 

26. A process as claimed in Claim 24 or 

25, wherein the initial compression is carried 110 
out at a pressure of from 14 to 21 kg/cm 2 
(gauge). 

27. A process as claimed in any one of 
Claims 24 to 26 wherein the isostatic com- 
pression is carried out at a pressure of from 115 
245 to 3500 kg/cm 2 (gauge). 

28. A process as claimed in any one of 
Claims 24 to 27 wherein prior to carrying out 
the initial compression the vermicular 
graphite is placed surrounding at least a 120 
portion of an electrolytic graphite core and 

the initial compression is radial. 

29. A process as claimed in Claim 28 
wherein prior to placing the vermicular 
graphite surrounding the core the vermicular 125 
graphite is compressed uniaxially to form an 
integral structure having a density of from 
0.015 to 0.10 g/cc. 

30. A process as claimed in' Claim 1 sub- 
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